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This book was published by Pishchepromisdat (Food Industries Publishing
House), Moscow, 1948; 364 pp, 13 roubles. Circulation of this edition was
5,000. Authorized by the Ministry of Higher Education USSR for use as &
textbook in higher educstional institutions in the field of food and nutrition.

The title of this book and the fact that it has been published as a w*
- menugl for the fnnd industry are somewhat misleading. Whilc sugar, one of the
main products of the irdustry 1m questionm, 3 traditionally a good product
the industry has developed considerably since the principal and only product
of the hydrolysis of sawmill waste was food sugar. The raw material is no
longer wood or ceilulose exclusively--hence, the new term "hydrolysis industry.”

A considerable quantity of the sugar obtained by hydrolysis is fermented
to alcohol and the slcohol obtained in this manner is used as the principal
raw material for production cf synthetic rubber in the USSR. Alcohol is also
being used to an increasing extent as motor fuel 4m the USSR, and so alochel
rather than sugar is regarded as the more important product of the hydrolysis
industry.

At present the Russian hydrolysis industry, which has the highest capacity
in the world, is slated for ¢xpansion mainly because of thc high demand for
technical alcohol. In accordance with the postwar Five-Year Plan, the pro-
duction of hydrolysis alcohol in 19%. will be eight times higher than before
the war. This involves the comstruction.of new plants having a production
capacity of 7 million decaliters. In connection with this production, all
byproducts will be utilized in ccnformity with the principle of total con-
version, which is being applied at present. Total conversion, i.e., complete
industrial utilization of all byproducts, is typical of the Russien hydrolysis
industry and presupposes a rather high level of technological development in

S ihis field. A general scheme for conversion of conifer wood, which is the
principel raw material at present, 1s shown in Figure 1.
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In connection with the constructicn of large planis that will utilize _.
cotten hulls, the conversion of vegetable raw matertal {agricultural wastes, = -
etc.) having a higher pentosan content is expected to become of increasing ) Q&
importance. A scheme for utilization of material rich in pentosan is out- T
lired in Figure 2. The lignin gas genersicr fuel listed on both appended ,; . i
charts i dried by using the waste heat of power piant furnace gases. The ! i
final product (pressed lignin) is regarded as an excellent fuel for trans- P -

[ port gas gemerato.:, but some lignin is burned on the spot at the lower :’*

plants attached to the installations where it is produced. ]

The Ruseian hydrolysis Industry has & lomg history aad tradition. The ; n -

first attempts to produce editle sugar from siarch date back to the 18th
Century and hydrolysis of wood, cellulecse, and straw was carrled out early
in the 19th Cen*ury. By analogy with the standard procedure for the hydro-
lysis of starch, sulphuric ecid was originally used for the hydrolysie of
wood and cellulose. The sulphuric acid method still remains the principal
procese used in Russia and has been developed tu & considerable extent from
the practical and engineering standpoint since the early beginning of the
industry. The use of sulphuric acid is a distinguiching mark of the Russian
hydrolysis industry and denotes a development largely independent of that
- which has teken place abroad.

Hydrolysis with concentrated sulrhuric acid was quickly abandoned be-
cauge of the difficulty of recovering the a=id and dilute sulphuric acid
N was used instend. The weaker action of dilute sulphuric acid and other dif-
. ficultles resulted in the fact thet only hemicelluloses were hydrolyzed in
the first semicommercial installation built in 1868 for the hydrolysis of
wood. It took a long time before the process in ite fimal form, involving
the use of dilute sulphuric acid was mastered.

From 1920 - 1930, research on the hydrolysis of wood was intensified.
Gradual hydrolysis of the same batch in the same asutoclave with several esuc-
cesgive portions of fresh acid doutled the yield of sugar, bringing it up
to 38-42 percent of the weight of wood. From this, the percolation hydro-
lysis, first proposed by Iroshkina in 1920, wae developed. The so-called
pulsating hydrolysis, which involves rapid changes of temperature and pres-
sure with a resulting effect somewhat similar to that occuring in the popping
of corn, was developed next. This brought the yield of sugar up to 50 per-
cent of the weight of dry wood with a sugar concentration of 3 percent iu the
hydrolysate and an expenditure of 100 percent sulphuric acid corresponding
to 26-27 percent of the weight of sugar.

Systematic research on various methods and pilot-plant work were started
in 193k, when experimentsl plants in Cherepovets (saw dust), Arkhangelsk
(saw dust), and Verkhnedneprovsk (straw and other agricultural wastes) were
built. The so-called gradual diffusion mr thod based on the counter-current
rrinciple and involving circulation through several autcclaves was develogped
then. This procedure lowered the yleld to 36 percent, due to the longer
time during which the sugar stayed in solution, and raised the sugar con-
centration in the hydrolyzate to b percent. This method was never applied
practically because of the excessive complexity of operation. The spraying
of hot acid into an autcclave the charge of which had been heated to 180-
185°C has been found to be of advantage, however, ma‘aly beceuse the useful
volume oi' the autoclave (€ cubic meters) could be increased many times over
that used in the pulsation method. Constant steam pressure is mainteined
in the autoclave. More efficient heat recovery from the hydrolyzate is

‘ssible. On .-mpletion of the hydrolysis, and rrior to recharging the auto-
clave, the spect charge, which hsu been washed with hot water, is blown -~~~
with steam intc a cyclone. The average concentration of the hydrolyzate is
approximately 3 percent and the yield of suger abcut 45 percent.
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The use of sulphuric 2-iq hag certair slvantages over that of hydrochloric ' -l
acid. For imstance, th: hydrolyzate -an te ovapcrated without neutralizing 2=
the acid (using the heat of the hydrolyzate) and furfurel, turpentine, and %;
methanol can be recovered f he vapor during the process. Neutralization X
is carried out with cal.:wa hydiroxide. After calcium sulphate has been filtered ‘; f !
L]
)

off, the solution, up_gp additi~n of superphosphate and ammonium sulphate, is -~—
an excellent grosth medium fer yeast. On the cther hand, hydrolchloric acid, -——
although a superior hydrolvsis catelyst, muzt be neutralized with sodium hydrex- X

ids, as a result of whick th® presence of Lations would interfere with the _—
activity of yeast. (One can reutralize witk cal:ium hydroxide, of course, but

the presence of calcium chioride presumatly would have a still more deleterious Y
effect on yeast). Hydrecger chloride cannct be removed by <vapcratlon and some =
of it must be neutralized, but removal of the remainder of acid by means of
ion exchange egents iz concelvarle.,

Notwithstanding the emphasis on the producticm of a hydrclyzate, which
can be fermented tc alcohol easily and efficiently, hydrolysis with hydro-
chloric acid has also received close attention from Kussian technologists,
end considerable werk on the subject hae been done. The advantages of using
highly concentrated hydrochloric acid {Lkl-42 percenmt BC1) rather than dilute
acld, which consist in the pessibillity of using lcw temperatures and drastically
reducing the corsumption cf :tteam, have been realized.

Basing their work on fcrefgn publicaticns, which are regarded as incomplete,
particularly the work of 3ergius ur te 1940, the Russians have further investi-
gated the hydrochloric acid process from the point of view of complete utili-
zation of byproducts. The production of crystalline dextrose, gas generator
btrickets, activated carton, alcohol, and glycerine (the latter frem impure
sugar) can be accomrilshed on the basis of this process. Dextrose production
from wood by the hydrochloric acid method is regarded as excessively complicated,
hcwever, and for that reasor work on hydrolysis with concentrated sulphuric

- acid ie being continued. TLe (dea of combining the production of crystelline
dextrose with thet of phosphate fertilizers or ammonium sulphate, i.e., of
reusing sulpburic azid after the hydrolysis 101 the decomposition of apatite
¢r the synthesis of ammonium sulphate, seeme to te of {nterest.

In the discuesior of the hydrolysis industry, application of the products
a8 fuels seems to be rotaworthy. The use uf gas generator lignin brickets has
already teen mentioned. In regard to the use of alcohol as & motor fuel, the
author of the book makes the followlng comments. Alcohol is not used alone
a8 a motor fuel, becauee the latert Leat ¢f evaporation iz so high {205 kcal/kg
for absolute alcchol as compared with 115 keal kg for gascline) that heating
of the air up to 100°C would be recesaary. Notwithstending the comparatively
low boiling point (78.3°}, the vapor rressure of alcohol at low temperatures
is lower than that of gasoline, sc that it {o impogsible to start a cold motor
on alcohol.

However, by sdding alcahcl to gasciine the effectiveness of the latter as
& fuel 1s improved. Notwithstanding the fact that alcohol has a lower com-
bustion heat than gasolire, ‘i }s bturned more comyletely and produces more heat
than gasoline. Consequently, the efficinecy of *ue motor is incressed when -
elcohol is added to the gasolire. A gusoline-al:schol mixture is kighly com-
pressitle and has very good antiknock properties.

A mixture of absclute sl:chol with gasoline is very stable. Depending on
N the composition, the point of separation varies, tut 1s lower than ~40oC. 1If
common alcohol of 95-96 percent C2H50H cantent :s5 admixed to the gasoline
vether then absolure alcohol, separétion intc layers, especially at low tem-
peratures, should te rrevented by mears of a stabilizer. As stabilizers,
higher alcohols {7-1G percent by volume of the mix:iure of butyl alcobol, amyl
alcohol, etc.), esters, or tenzene are effestive.
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In considering the relation of the hydrolysis industry to the pe*roleum
industry, the use of furfural for the solvert treaiment of lubricents must
be mentioned. Furfural is also considered to be of great value in the USSR

as a substituent for formaldehyde in the plastics industry, the latter aldehyde &
being in very short supply. Furfurel replaces formaldehyde for use as a A .
disinfectant and cen be used as a preservavive for fats and oils in the con- v e

centration of 1:1000.

The book is a manual whic! covers the technical aspects of an important
industry. The following table of conten%s illustrates the scope of the book:
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Figure 1. General Scheme of the Total Conversion of Conifer Wood by the Method . A'-_n
of Acid Hydrolysis - - .
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Figure 2. General Scheme of the Total Conversion of Agricultural Wastes of = 1
; Vegetable Origin by the Method of Acid “Tydrolysis J—
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